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Abstract 

Due to a lack of spatial and temporal differentiation in life- 
cycle assessment (LCA), no environmental concentrations can 
be predicted. As a consequence, it does not seem possible to 
evaluate whether a no-effect level is exceeded. Therefore, some 
LCA studies show a poor relationship between the predicted 
environmental impact and the expected occurrence of actual 
environmental impact for impacts of a non-global character. 
This article discusses possibilities for the inclusion of spatial 
information in life-cycle impact assessment and provides an 
outline of a site-dependent approach. The required level of com¬ 
plexity in LCA is analysed. The elements of the cause-effect 
relationships to be incorporated in characterisation modelling, 
and the need for spatial and temporal differentiation within 
each of these elements are discussed. It is argued that the ac¬ 
cordance between the impact predicted by LCA and the ex¬ 
pected occurrence of actual impact can be improved consider¬ 
ably through the use of a site-dependent approach in impact 
assessment, and without unacceptable increasing uncertainty. 
In such an approach, the assessment process is extended with a 
few general site-parameters. 
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impact assessment; environmental impact, multiple sources; en¬ 
vironmental impact, predictec; environmental impact; life-cy¬ 
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sessment 


1 Introduction 

There is an ongoing discussion of whether impact assess¬ 
ment should he a parr of life-cycle assessment (LCA). The 
crux of the debate lies in the limited accordance between 
the impact predicted by life-cycle impact assessment and 
the expected occurrence of actual impact (Potting and Hau- 
schii.d, 1997). Deliberating the pro's and con's, it is our 
opionion that an LCA without an impact assessment can¬ 
not be considered an LCA. However, the spotted lack of 
accordance seriously affects the credibility of LCA. Enhance¬ 
ment of the impact assessment phase is therefore of vital 
importance for the credibility of LCA. 

We strongly believe that the impact assessment phase can 
be enhanced as soon as we have a clear understanding and 
acceptance of the nature of the assessed impact in relation 
to the specific application domain of LCA. This was the 
subject of a previous article from Potting and Hauschild 
(1997) in this journal, and since the present article builds 
further on this work, some main insights and conclusions 
are reviewed in Section 2. 

The rest of this article sketches the possibilities for inclu¬ 
sion of restricted spatial detail with help of a site-depend¬ 
ent approach in life-cycle impact assessment. Section 3 
presents a framework for a systematic description of the 
levels of detail in well known impact assessment methods. 
Next, the required levels of detail in LCA are discussed in 
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Section 4 (cause/effect relationships), Section 5 (temporal 
detail) and Section 6 (spatial detail). Section 7 proposes an 
approach to include spatial differentiation by a site-depend¬ 
ent characterisation in LCA. Some main conclusions are 
drawn in Section 8. 

2 The Linear Nature of Environmental Impact 

According to Klopfef.r (1996), the main problem with life- 
cycle assessment consists in the absence of true relation¬ 
ships between interventions and environmental effects. The 
interventions established in the inventory analysis are ex¬ 
pressed in amounts per functional unit, and in principle 
nothing is known about the source-strength and variation 
over time of the examined processes. Due to this lack of 
differentiation, which is inherent to LCA, no environmen¬ 
tal concentrations can be predicted and, as a consequence, 
it does not seem possible to evaluate whether a no-effect- 
level is surpassed. However, Potting and Hauschild (1997) 
argue that it is possible to say something sensible about the 
surpassing of no-effect-levels and the expected occurence 
of actual impact without precise information about the re¬ 
sulting environmental concentration: 

The impact from a concentration increase is given by the 
movement on the concentration/effect curve from the situ¬ 
ation without to the situation with an increased concentra¬ 
tion (—> Fig. 1). The impact size per unit of concentration 
increase may be put on a par with the slope of the concen¬ 
tration/effect curve and thus be taken as linear, as long as 
the concentration increase is marginal compared to the 
"background concentration". This holds true where the 
"background concentration", that is the situation without 
concentration increase, reflects the total environmental con¬ 
centration from many sources together to which the full 
emission of a single source only contributes marginally. If 
the full emission from a single source can be regarded as 
marginally contributing, the same inherently holds true for 
the emission related to one product unit. 



Fig. 1: The shape of a regular concentration/effect curve 

The marginality assumption is expected to be justified for 
the non-local impact categories: eutrophication, acidifica¬ 
tion, tropospheric ozone creation, stratospheric ozone de¬ 
pletion, increased radiative forcing in global warming, and 
toxicity from compounds with a long residence time. For 
impact categories with a local character, the full emission 


from a single source may often contribute considerably to 
the concentration in the receiving environment. Here, the 
source can thus not be regarded as marginal, but it seems 
fair to assume that the resulting environmental concentra¬ 
tions remain below the no-effect-level due to the process- 
oriented policy measures. The first section of the sigmoid 
concentration/effect curve may defensibly be taken as linear. 

Initially, environmental legislation was developed pre¬ 
dominantly to control and minimise a riskful situation cre¬ 
ated by a single source. This so-called process oriented en¬ 
vironmental policy appeared to be rather ineffective in 
curbing the environmental problems caused by concen¬ 
tration levels with a multiple source character. In this con¬ 
text, a product oriented environmental policy started to de¬ 
velop, aiming on general pollution prevention ("less is 
better”) rather than on risk minimisation ("only above 
threshold"). All emissions are relevant in a general pre¬ 
vention of pollution. Nevertheless, a product-oriented en¬ 
vironmental policy would also preferably give higher prior¬ 
ity to pollution prevention in sensitive areas, than to areas 
less sensitive for that specific pollutant. LCA should prefer¬ 
ably provide sufficient information to allow such differen¬ 
tiation. That is why distribution, exposure and sensitivity 
of the receiving environment cannot be fully disregarded in 
LCA. The crucial question, however, is what levels of detail 
are required for this purpose in characterisation modelling. 
Before going into this question, it seems useful to set the 
framework for a systematic description and discussion of 
these levels of detail in characterisation modelling. 

3 Levels of Detail in Characterisation 

The required complexity for characterisation modelling in 
LCA was first discussed at the 1992 SETAC workshop in 
Sandestin (Fava et al., 1993). Five levels of detail were dis¬ 
tinguished here, reflecting the increasing sophistication of 
the characterisation process. These levels have been inten¬ 
sively discussed ever since (Fava et al., 1994; Udo de Haes 
et al., 1996), because of the somewhat inconsistent and 
unclear definition that allows overlapping between some of 
the levels. A provisional conclusion on this discussion is 
provided by the recent proposal of a different framework 
by the SETAC Europe Workgroup on life-cycle Impact As¬ 
sessment (Udo de Haes et al., 1996): 

Udo de Haes et al. (1996) make a distinction between "di¬ 
mensions of impact information" and "levels of sophistica¬ 
tion" within these dimensions. The level of sophistication 
refers to the degree of detail covered by the characterisa¬ 
tion model. The following dimensions of impact information 
are distinguished: (1) effect information, (2) fate and exposure 
information, (3) background level information, (4) spatial in¬ 
formation. The first and second dimensions directly refer to 
the links in the cause/effect chain (— >Fig . 2). The third and 
fourth dimension can be considered as additional conditions 
modifying the processes in the chain. These four dimensions 
of impact information are seen as relevant for both emissions 
and depletion of resources (Udo de Haes et al., 1996). 
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Causality chain 



Descriptors 

Chemical, physical, biological (toxicological) properties 


Quantity, time/frequency, initial compartment (air, water, soil) 
location, source type 


Partitioning betwenn compartments, dilution, immobilisation, 
removal/degradation 


Environmental concentration increase, background level 


Sensitivity of the system, intra-species sensitivity, 
concentration/effect curve, no-effect concentration, 
critical load, critical concentration 


Type and magnitude of impact 


Fig. 2: General cause chain for the environmental impact of an emitted compound (Jageii et al, 1994) 


Very clarifying in the proposal of Udo dk Haks et al. (1996) 
is the distinction between "dimensions of impact informa¬ 
tion" and "levels of sophistication" within these dimen¬ 
sions. However, we experience the proposed dimensions as 
confusing. An adaptation of the dimensions of Udo dk Haks 
et al. (1996) was suggested by Potting (1996) The frame¬ 
work is presented in Figure 3. A similar line of thoughts, 
although not explicitly formulated in terms of dimensions 
and levels of sophistication, is followed in the recently pub¬ 
lished Danish method for LCA (Wenzel et al., 1997; 
Hauschild and Wenzel, 1997). 

The first dimension in Figure 3 is in accordance with the 
proposal by Udo de Haes et al. (1996). The second dimen¬ 
sion is almost identical to the second dimension of Udo de 
Haes et al. (1996). Only the exposure information has been 
removed. In this way, all information which is connected to 
the source is covered by the second dimension (emission, 
distribution/dispersion, concentration increase). The third 


dimension comprises the third dimension from Udo dk Haes 
et al. (1996) and, in addition, all other types of information 
about the receiving environment and/or target system (back¬ 
ground concentration, exposure increase, sensitivity of the 
target system, etc.). 

Within each of the three dimensions, the characterisation 
modelling addresses different levels of sophistication. The 
levels of sophistication can be seen in two directions: (1) 
the extent to which all relevant links (and herein descriptors) 
of that part of the cause/effect chain are taken into account 
(see Section 4), (2) the differentiation within each link (or 
herein descriptors) with regard to modifiers like time (see 
Section 5) and space (see Section 6). 

Differentiation in a higher dimension may put requirements 
on a lower dimension. For instance, it doesn’t make sense to 
distinguish between different receiving areas if this is not sup¬ 
ported by a differentiation in effect information. However, 


Dimensions of impact information 

Levels of 

sophistication 




1 effect information 

standard 

— > 

NEC 

— > 

slope 

2 fate information 

none 

— > 

some 

-> 

full 

3 target information 

none 

-» 

some 

-9 

full 


Fig. 3: Dimensions of information and levels of sophistication in life-cycle impact assessment (Potting, 1996 ; Wenzel et al., 1997; 

Hauschild and Wenzel, 1997) 
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there is neither an overlap between dimensions, nor between 
the levels of sophistication. The framework proposed by 
Potting and Hauschilo is expected to have a considerable 
heuristic power in systematising different methods for assess¬ 
ing environmental impacts in LCA as well as in other con¬ 
texts {-* Fig. 4). This aspect is not further elaborated here. 



Fig. 4: Different impact assessment methods in general as well as 
LCA, systematised according to Poiting and Hausc:uii.i> 


The proposal of Potting and Hauschild can be expressed 
in a general characterisation formula. This formula is slightly 
different from the one presented by Jou.ikt et al. (1996) to 
describe the framework from Uno dh Haks et al. (1996). 
The formula here is already presaged in Wenzli. et al. (1997) 
and Hauschild and Wenzki. ( 1 997). The symbols have been 
adapted to clarify the similarities and differences with Joi.i ikt 
etal. (1996): 

S nm = E m ^ F 0,11 T 1,1 n * M" 

I l * i * l l 

Where: 

S. " m = the resulting impact in the final medium (m) from 

the emission of compound (i) 

E m = an effect factor or toxicity reference for compound 
(i) in the final medium (m) (usually the reciprocal 
of some kind of NEC); the final medium can be 
air, water, soil or the food chain 
F, nm = a fate factor for compound (i) emitted to the ini¬ 
tial compartment (n) and transferred to the final 
compartment (m), taking into account emission 
and distribution/dispersion characteristics (—» 
Figs. 2 and 3); the fate factor represents the pro¬ 
portionality between the emission (ML") and the 
concentration increase in the final medium (m) 

T. "" 1 = a target factor for compound (i) received in the 

final compartment (m) or by the target system/or¬ 


ganisms, taking into account exposure and target 
characteristics (-» Figs. 2 and 3); the target factor 
represents the roportionality between the concen¬ 
tration increase in the final medium (m) and the 
effect variable (S^ 

M n = the emission of compound (i) to the initial medium 
(n); the initial medium can be air, water or soil 


4 Cause/Effect Relationships in Characterisation 
Modelling 

The SETAC-Europe workgroup on life-cycle Impact Assess¬ 
ment has expressed a preference for a detailed characterisa¬ 
tion modelling (Udo dk Haks et al., 1996). However, an 
important group of LCA experts also advocates a less de¬ 
tailed form of characterisation modelling (Lindfoks et al., 

1 995 Wi-nzki. et al., 1997). The discussion between the 
so-called "full fate" and "some fate" sympathisers has 
focussed predominantly on the extent to which each link of 
the chain, and each descriptor within these links, should be 
included. In our opinion, this depends on the purpose of 
the impact assessment and the effort that can be put into it. 

Figure 2 represents the cause/effect chain that relates an 
emission of a compound to the impacts that it may cause in 
the environment. Each link in the chain is described with a 
set of descriptors that constitute the outcome or importance 
of that specific link. 

For the support of environmental policy directed on con¬ 
trolling processes with well-defined process conditions at 
well-defined locations, a detailed characterisation like in 
risk assessment or environmental impact assessment is fre¬ 
quently required. This type of characterisation must cover 
all links, and operate with a high degree of differentiation 
within these, in order to provide sufficient relevant infor¬ 
mation for decision-making. The primary aim of this kind 
of decision-making is prevention of a riskful pollution situ¬ 
ation created by the emission from a given, single source 
(see also Section 2). 

The restricted availability of spatial and temporal informa¬ 
tion in LCA makes a detailed impact assessment nearly 
impossible. However, such detailed assessment is not even 
necessary to provide sufficient relevant information for a 
product oriented environmental policy. After all, this type 
of policy is not aimed at risk prevention from a single source, 
but on pollution prevention (in particular in riskful situa¬ 
tions) that result from the emissions from many sources 
together. Pollution prevention in multiple source situations 
preferably focusses on the main contributing sources. This 
requires comparing and prioritising of sources on the basis 
of their relative importance. 

Pollution prevention in a product oriented environmental 
policy is achieved by (1) stimulating environmentally 
friendly products at the expense of less benign alternatives 
(comparing products), or by (2) optimising the life-cycle of 
specific products (comparing processes within a life-cycle). 
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For this purpose, full coverage of all descriptors in life-cy¬ 
cle impact assessment is not necessarily relevant. An illus¬ 
tration can be found in the equivalency factors of the IPCC 
for the aggregation of greenhouse gases: 

The residence time in the atmosphere largely influences the 
contribution from a compound to the increased radiative 
forcing in global warming. For the same impact category, 
however, inclusion of the target information does not add 
relevant information and can therefore be disregarded. Af¬ 
ter all, the effect of one equivalent unit of greenhouse gases 
on the oceanic sea-level rise, for example, is always identi¬ 
cal, irrespective of the geographical location of the source 
from which it is emitted, because of global distribution af¬ 
ter emission of the relevant compounds. 

A link or a descriptor can be left out, and should as a rule 
not be represented in the impact assessment unless it pro¬ 
vides additional information for a more meaningful com¬ 
parison. A more meaningful comparison means that the 
resolving power of the characterisation model has to be in¬ 
creased considerably by the incorporation of additional links 
or descriptors. The inevitable simultaneous introduction of 
new uncertainties should therefore be in balance with the 
additional information gained. 

Full fate characterisation can be obtained by means of inte¬ 
grated environmental multi-compartment models. However, 
the presently available full-fate models lead to substantially 
different results (Cowan et ah, 1995). It should be pon¬ 
dered whether the uncertainties introduced by these mod¬ 
els are justified by the additional information that is gained. 
Partial fate (and target) modelling as proposed by Wenzei. 
et al. (1997) or Lindfors et al. (1995’- h ) might serve as well 
without introducing unnecessary uncertainties. 

Inclusion of particular links or descriptors can be necessary 
to allow spatial and/or temporal differentiation. The rel¬ 
evance and possibilities for this kind of differentiation will 
be the subject of the next sections. 

5 Temporal Aspects in Characterisation Modelling 

The time aspect plays a role in several phases of the LCA 
methodology, but the discussion is dominated by what is 
known among insiders as the flux/pulse problem in charac¬ 
terisation modelling of human and ecotoxicity (Assies, 
I9941UM. Heijungs et ah, 1994*- h ; Jolliet, 1995). As repeat¬ 
edly brought to attention by Assies (1994 :,Jv ), the lack of a 
time dimension in the inventory data blocks a proper mod¬ 
elling of concentration and exposure. 

Besides the magnitude, also the duration of the exposure to 
a given compound influences the impact on human or 
ecotoxicity. For some compounds, toxic effects occur after 
the intake of a certain amount over a short period of time, 
while the intake of the same amount spread out over a long 
period causes no toxic impact. Due to the lack of informa¬ 
tion about the strength and duration of an emission, the 
duration of an exposure cannot be taken into account in 


the present life-cycle impact assessment. As a result, the 
toxicity potential of a polychlorinated biphenyl congener 
(PCB), delivered to a target over a period that may encom¬ 
pass several decades, is put on a par with the toxicity po¬ 
tential of a similar amount of phenol delivered to that tar¬ 
get over a period of a few hours. This equalisation may 
lead to arbitrary results (Assies, 1994 a - h ’ <; ). 

Present toxicity characterisation models in LCA usually 
assume steady-state conditions for the assessed compound 
in the receiving environment. According to Joi.LiET (1995), 
the pulse/flux issue is no longer relevant as long as steady- 
state conditions are assumed. With the help of mathemati¬ 
cal deduction, he argues that the magnitude of an exposure 
is proportional to the amount of compound emitted under 
steady-state conditions. Time characteristics of the emis¬ 
sion and subsequently the emission are then no longer rel¬ 
evant according to Joluet (1995). This reasoning might be 
true for steady-state conditions, but it ignores the quintes¬ 
sence of Assies' argument. As a matter of fact, although he 
doesn't phrase it that explicitly, it is precisely the justifica¬ 
tion of the steady-state he questions. 

The assumption of a steady-state, however, has hardly been 
discussed, not even by Assies (1994"' lw ). Also Assies takes 
the steady-state as a starting point and looks within this 
assumption for a solution to overcome the identified prob¬ 
lem. He suggests to consider the interventions as continu¬ 
ous fluxes by introduction of the time dimension through 
adjusting of the functional unit to the yearly production of 
the examined product. However, as pointed out by Heijungs 
et al. (1994'), Hofstetter (1996) and Udo dk Haes et al. 
(1996), this doesn't solve the problem either. Although one 
can adjust the functional unit such that one of the proc¬ 
esses in the life-cycle is included to its actual extent, the 
other processes will not fit. 

At present, no acceptable solutions for the flux/pulse prob¬ 
lem are available. Before putting large efforts into finding 
solutions, however, it might be a good idea to investigate in 
what situations the assumption of a steady-state is justified 
within life-cycle impact assessment. As mentioned in Sec¬ 
tion 2, the emission of a compound with a long residence 
time can usually be regarded as contributing to concentra¬ 
tion levels that result from many sources together. The mar- 
ginality of the contribution from a single source to the total 
implies steady-state conditions. However, the steady-state 
assumption does not necessarily hold true for compounds 
with a short residence time. The full emission from a single 
source can contribute considerably to the concentration in 
the receiving environment, and the time characteristics (du¬ 
ration and/or frequency) of the emission have a strong in¬ 
fluence on this. In contrast with other impact categories, 
there is an almost infinite number of compounds that are 
potentially human and/or ecotoxic. The residence time of 
these compounds can be very different. Compounds with 
short residence times (with their main impact locally) and 
compounds with long residence times (having their impact 
on a larger than local scale) both have their importance in 
human and ecotoxicity. 
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Additional to the above discussed issue, there are three other 
main incentives to consider time aspects in LCA (Hof- 
stf.tter, 1996; Udo de Haes et ah; 1996): (1) The character 
and amount of emissions per functional unit are strongly 
influenced by the level of the applied technologies, which 
again is determined by the calendar time at which the proc¬ 
ess is active. (2) The reference calendar time also determines 
the (estimated) total economic activity and its emissions, 
and the subsequent environmental concentration levels and 
impact situation to which the functional unit adds. The con¬ 
tribution from a given source to acidification, for instance, 
may be very different in 1990 and 2010 due to consider¬ 
able differences in emission levels from the total economy 
in those years (Potting et al., in preparation"). (3) The time 
span on which impact categories are considered, can have 
considerable influence on the impact size. This may be il¬ 
lustrated with the different time horizons in the increased 
radiative forcing in global warming, or compounds with a 
long latency time in human toxicity. 

6 Spatial Aspects in Characterisation Modelling 

In current life-cycle impact assessment, the potential con¬ 
tributions from the inventory data to each impact category 
are quantified with generic models. Each impact category 
is covered by one model, assuming one standard situation 
for each link in the cause/effect chain (—> Fig. 2). 

For those types of environmental impact which are of a 
global nature (like the increased radiative forcing in global 
warming), the restriction to one standard situation is ad¬ 
equate. Due to their global nature, the contribution to these 
impact types depends only on the type and amount of com¬ 
pound emitted (see also Section 4). The size of impact can 
adequately be expressed in terms of an equivalent emission 
of a reference compound, by multiplying the initial emis¬ 
sions by appropriate equivalency factors (Houghton et ah, 
1990/1992). However, the restriction to one standard situ¬ 
ation is an oversimplification for all impact categories which 
are not of a global nature. 

The concentration increase in the receiving area from an 
emission varies with the way in which a compound is emit¬ 
ted. For instance, the resulting ground concentration from 
a stack emission may be negligible due to dilution, while an 
indoor emission of the same amount of compound will lead 
to a significant increase of the concentration in the indoor 
environment. The resulting contribution to human toxic¬ 
ity, for instance, therefore also depends strongly on the 
source characteristics (like emission height) (Potting and 
Blok, 1994; Udo de Haes et al.; 1996). 

The characteristics of the compartment to which it is emit¬ 
ted, influence the propagation of a compound within the 
compartment. It is already common practice in LCA to dis¬ 
tinguish emissions to air, water and soil. However, a differ¬ 
entiation within one compartment may also be useful. Pen¬ 
etration in the food chain from a given emission will be 
quite different between agricultural soils, and soils with 


other functions. Similarly, compounds emitted to sandy soils 
will leach much faster to groundwater than clay soils. The 
resulting contribution to environmental impact depends thus 
on the functions and characteristics of the compartment of 
emission (Guinee et ah, 1996). 

The impact from a concentration increase is given by the 
shift on the concentration/effect curve from the situation 
without to the situation with increased concentration. The 
impact size thus depends both on the position (background 
concentration) and the magnitude of this shift. The acidify¬ 
ing impact from a concentration increase in an area with 
high background concentration is expected to be different 
from one in an area with low background concentration. 
At the same time, target systems or receiving areas may 
have different concenrration/effect curves expressing area 
specific sensitivity towards concentration increases. A cal¬ 
careous area is relatively unsensitive for acidification com¬ 
pared to a non-calcareous area. 

A systematic review of the need for spatial differentiation 
in LCA for non-global impact categories is given by Nichols 
et al. (1996). A common feature of the examples given above 
and those from Nichols et al. (1996) is that the identified 
spatial differences can be traced back to the site-character¬ 
istics of the source (like source height or geographical loca¬ 
tion). The site-characteristics of the source roughly pres¬ 
ages the spatial differences in characteristics of all links in 
the cause/effect chain, up to those of the receiving areas 
(which are also determined by the geographical location of 
the source). 


7 Site-Dependent Assessment 

The present restriction to one standard environment in LCA 
impact assessment is defended with the expected complica¬ 
tions in inventory analysis for a more site-specific assess¬ 
ment. For each process in the life-cycle, more site-specific 
data is required (Heijungs et al., 1992). On the other hand, 
it is commonly recognized that the predicted contribution 
to non-global impacts are in poor accordance with the ex¬ 
pected occurrence of actual impact in some cases. The elabo¬ 
ration of practical models for inclusion of spatial differen¬ 
tiation into characterisation is identified by the SETAC- 
Europe workgroup on life-cycle Impact Assessment as one 
of the main future tasks (Udo de Haes et al., 1996). 

To be feasible and operational in LCA characterisation, the 
inclusion of spatial differentiation should require minimal 
additional data. It is our belief that the relevance of life- 
cycle impact assessment can be enhanced by the inclusion 
of a few general site-parameters in the assessment process. 
Such an approach could be called site-dependent. 

As shown in Figure 2, each link in the cause/effect chain 
can be characterised by a set of descriptors. The assump¬ 
tion of site-dependent impact assessment is: 
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1. That it is possible to treat these descriptors as variables 
with a restricted amount of discrete situations only, and 

2. That the influence of these situations can adequately be 
expressed in terms of an equivalent influence of a refer¬ 
ence situation by multiplying the initial emissions by 
appropriate equivalence factors. 

For each impact category, the validity of these two assump¬ 
tions has to be examined, main descriptors have to be iden¬ 
tified and their variation described. A descriptor should only 
be included in characterization modelling if the relation 
between the emitted amount of compound and the size of 
the impact is considerably influenced by spatial variation 
within that descriptor. For the selected descriptors, the rel¬ 
evant discrete situations have to be defined. For these situ¬ 
ations, equivalent factors can be established that express 
the equivalent influence of a reference situation. 

The required types of spatial differentiation within each 
descriptor will vary for each impact category. Some exam¬ 
ples of this have already been given in Section 6. A more 
systematical review is provided by Nichols et al. (1996). 

As already mentioned in Section 6, all types of differentia¬ 
tion can directly or indirectly be traced back to the site- 
characteristics of the source from which the emission comes. 
The site-characteristics of the source roughly presage the 
spatial differences in characteristics of all links in the cause/ 
effect chain, up to those of the receiving areas. This means, 
at the most, that inventory analysis has to be extended with 
few site-characteristics to allow spatial differentiation. This 
information is often already directly or indirectly provided 
by present inventory analysis. As an example, the geographi¬ 
cal location of the sources have to be roughly known in 
order to establish the emissions of transport. 

A site-dependent approach to life-cycle impact assessment 
is expected to combine the benefits of a generic approach 
with regard to the restricted data requirement and the ben¬ 
efits of a more site-specific approach with regard to the 
predictive strength of impact assessment (Potting and Blok, 
1994; Udo de Haes et al., 1996). 

Based on considerations of distribution/dispersion and the 
situation in the receiving environment, some very practical 
and simply applicable methods for the site-dependent char¬ 
acterisation of acidification, eutrophication and human tox¬ 
icity were designed and illustrated with some examples by 
Potting and Blok (1994). The approach in Potting and 
Blok (1994) can be seen as the precursor of the framework 
presented here. A similar framework is put forward for most 
impact categories in the Danish method for LCA which has 
recently been published in English (Wenzel et al., 1997). 
The elaboration into practical characterisation models, sys¬ 
tematically following the framework presented here, will 
be implemented in the coming update of this Danish work. 
Factors have already been developed for the site-dependent 
characterisation of acidification (Potting et al., in prepara¬ 
tion 3 ), and are on their way for human toxicity (Potting et 
al., in preparation 11 ). 


Up to now, the attention has mainly been focussed on the 
spatial differentiation of LCA. The lack of a time dimen¬ 
sion in the emission data has dominated the discussion on 
temporal aspects, and inclusion of this type of information 
has been strongly discouraged. Flowever, also other types 
of time-considerations are relevant in LCA (see also Sec¬ 
tion 5). A characterisation method that allows temporal 
differentiation in LCA can possibly be designed similar to 
the site-dependent approach outlined above. Some steps in 
this direction have already been made by Walz et al. (1996) 
by the proposal of a characterisation model for ecotoxicity 
that integrates spatial and temporal differentiation (by dis¬ 
tinguishing between degradable and persistent compounds). 
Also the already mentioned acidification factors from Pot¬ 
ting et al. (in preparation 3 ) anticipate on a time-dependent 
approach by presenting factors related to the expected emis¬ 
sion situation in 1990 and 2010. 


8 Conclusions 

The information types involved in characterisation model¬ 
ling can be distinguished into effect information, fate infor¬ 
mation, and information about the target (or receiving area). 
Within each of these three dimensions, the characterisation 
modelling can take different levels of sophistication with 
regard to: (1) the extent to which all relevant links (and 
herein descriptors) of the cause/effect chain are taken into 
account, and (2) the differentiation within each link (or 
herein descriptors) with regard to modifiers like space and/ 
or time. 

The lack of accordance that exists between the predicted 
environmental impacts by life-cycle impact assessment and 
the expected occurrence of actual impact seriously affects 
the credibility of LCA. It is our strong belief that these prob¬ 
lems can be overcome by means of a site-dependent ap¬ 
proach in life-cycle impact assessment. 

In site-dependent assessment, a few general site-parameters 
are included in the assessment process. Such a site-depend¬ 
ent approach is expected to combine the benefits of a ge¬ 
neric approach with regard to the restricted data require¬ 
ment and the benefits of a more site-specific approach with 
regard to the predictive strength of impact assessment. 

A characterisation method that allows temporal differen¬ 
tiation in LCA, can possibly be designed similar to the site- 
dependent approach outlined here. 
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